Purpose: Bloodstream infections in pediatric hematology and oncology represent a major problem worldwide, but this has not been studied in Qatar. In this study, we investigated the burden of infection and the resistance pattern in the bacterial etiology, in the only tertiary pediatric hematology and oncology center in Qatar. Methods: All pediatric cancer patients (n=185) were evaluated retrospectively during the period 2004-2011; a total of 70 (38%) patients were diagnosed with bloodstream infections. Bacterial etiology was determined, along with their susceptibility patterns. Neutropenia, duration of neutropenia, fever, duration of fever, and C-reactive protein (CRP) were evaluated throughout the study. Results: A total of 70 patients (38%) were diagnosed with acute leukemias, lymphomas, solid tumors, or brain tumors; those patients experienced 111 episodes of bacteremia. The most common Gram-positive (n=64 [55%]) isolates were Staphylococcus epidermidis (n=26), Staphylococcus hominis (n=9), and Staphylococcus haemolyticus (n=7), and the common Gramnegative (n=52 [45%]) isolates were Klebsiella pneumoniae (n=14), Pseudomonas aeruginosa (n=10), and Escherichia coli (n=7). There was a significant association observed between fever with positive blood culture and different types of cancer (P=0.035). The majority of bacteremia (n=68 [61.3%]) occurred in nonneutropenic episodes. Elevated values of CRP ($5 mg/L) were detected in 82 (95.3%) episodes and were negatively correlated with absolute neutrophil count (ANC) (r=-0.18; P=0.248) among all cases. However, the infection-related fatality rate was 2.2% (n=4), with three caused by Gram-negative pathogens. Multidrug resistant organisms were implicated in 33 (28.4%) cases and caused three of the mortality cases. Conclusion: Multidrug resistant organisms cause mortality in pediatric cancer patients. Investigation of antimicrobial susceptibility of these organisms may guide successful antimicrobial therapy and improve the surveillance and quality of pediatric malignancy care.
Introduction
Intensive treatment for childhood cancer has led to improved survival rates and to an increase in the rate of acute complications and late effects. One of the most serious challenges of further increases in chemotherapy intensity is the bloodstream infection (BSI). 1, 2 Infection is one of the most important causes of morbidity and mortality in children with cancer. 3 Neutropenia is a common complication for those patients following modern aggressive anticancer chemotherapy agents. Fever in such patients is often related to infection. 4 The most common risk factors reported for BSI are: younger age at onset of bacteremia, absolute neutrophil count (ANC) ,500 cells/µL, intravascular catheters, status of underlying disease, status of bone marrow (no recovery), high temperature, and more immunosuppressive antineoplastic regimens. [5] [6] [7] Both severity and duration of neutropenia influence the risk for infection. [7] [8] [9] [10] Febrile neutropenia is a heterogeneous condition ie, neutropenic patients are not equally prone to infections, partly due to the underlying cancer, chemotherapy, and comorbidity factors. [10] [11] [12] Pediatric patients with acute leukemias generally have a higher incidence of infectious complications than do those with other malignancies. 13 There has been a dramatic shift in the pattern of infection in neutropenic patients, with 70% of bacteremias being due to Gram-positive organisms by the late 1980s. A few studies have reported an increase in the frequency of isolation of Gram-positive organisms (mainly Staphylococcus aureus and coagulase-negative Staphylococcus spp. [CoNSs] ) and a decrease in Gram-negative bacteremias in cancer patients. 5, 14, 15 Empirical treatment with broad-spectrum combinations of antibiotics against Gram-negative organisms has had a marked reduction in mortality. 10, 16 Numerous studies have demonstrated the activity of broad-spectrum β-lactams against Gram-negative aerobes. 16 However, the standard management in cancer patients with fever and neutropenia is the prompt administration of empiric antibiotic parenteral therapy 8, [17] [18] [19] until the resolution of the fever and maintenance of immune integrity. 20 Moreover, the rate of response to empirical therapy in neutropenic patients with fever ranges between 40% and 90%. 21 Therefore, the development of an effective strategy for the management of BSIs requires careful analysis of the types of organisms and pattern of antimicrobial resistance of the isolates at each particular institution. This information will help in development of guidelines in management of patients with bacterial BSIs, including the choice of empiric antimicrobial therapy.
In this retrospective study, we characterize the bacterial BSIs, the probable risk factors and their association with different types of cancer, the pattern of resistance to antimicrobial agents, and the outcome, among pediatric hematology and oncology patients. This study aimed to provide the number and types of probable risk factors for infections in such enrolled patients in the only tertiary hospital, Hamad Medical Corporation (HMC), in Qatar.
Materials and methods Patients
All pediatric malignant hematology and oncology patients in Qatar seen at the Pediatric Hematology/Oncology Unit of the HMC (age #15 years) who had positive blood culture between January 2004 and December 2011 were reviewed utilizing the microbiology and patients records database. All patients with BSI episodes who were followed for chemotherapy treatment during different phases, stages of disease and clinical indications for malignant disorders by the pediatric hematology/oncology unit at the HMC were included in this study. Clinical and laboratory parameters, such as fever, neutropenia, duration of neutropenia, and C-reactive protein (CRP) values, were used for identifying expected BSI patients. Patients in our unit routinely have their vital signs, including temperature, recorded every 4 hours and complete blood count (CBC) monitored every 24 hours or more often if clinically indicated. Febrile and afebrile patients and patients with or without neutropenia, who had hospital-and community-acquired bacterial infection, were assessed with special attention to oral mucosa, pharynx, periodontium, tissue around nails, peripheral and central venous lines (CVL), and perianal areas. Then they were fully investigated with CBC plus differential, renal and hepatic profiles, blood culture from each lumen of the CVL, if present, and peripheral vein. The HMC research and ethics committee (reference number RC/330/2005) granted approval to conduct this study.
Definitions
Fever was defined for our patients as a single oral temperature of $38.3°C for $1 hour or an axillary temperature of $37.8°C, or $37.5°C for .1 hour, not related to administration of pyrexial agents (blood; blood products; intravenous immunoglobulin [IVIG] ; pyrogenic drugs, for example, ara-C; etc). Neutropenia was defined as an ANC ,500 cells/µL, while counts ,100 cells/µL were considered as "profound neutropenia". 7, 22 CRP values of ,5 mg/L were considered negative and $5 mg/L as positive, based on HMC laboratory protocol.
Patient's management
Patients with positive blood culture were treated with antimicrobial agents based on the susceptibility results. Patients with isolated Gram-negative bacteria were continued treatments for 14 days after the first negative blood culture results, while patients with Gram-positive bacterial infections were treated for 10 days after the first negative culture results. All patients with positive culture results (either febrile or nonfebrile, neutropenic or nonneutropenic) were treated according to the type of bacterial species. The antibiotic susceptibility for isolated pathogens was performed and interpreted according to Clinical and Laboratory Standards Institute guidelines. 25 Antimicrobial susceptibility testing of isolated bacterial pathogens to clinically used antimicrobials was performed by using Etest ® methods (BioMérieux) and automated Phoenix. The multidrug resistant (MDR) organism phenotype was defined as diminished susceptibility to three or more of the following: fluoroquinolones, aminoglycosides, and β-lactam (β-lactamase inhibitor combinations and carbapenems). 7, 26 statistical analysis Categorical and continuous data values were expressed as frequency (percentage) and mean ± standard deviation (SD), median, and range. Descriptive statistics were used to summarize all demographic and other clinical characteristics of the patients. Quantitative variable means between two and more than two independent groups were analyzed using unpaired Student's t-test and one-way analysis of variance (ANOVA). Where an overall group difference was found statistically significant, pairwise comparisons were made using appropriate multiple comparison tests. The results were presented with the associated 95% confidence interval. Mann-Whitney U and Kruskal-Wallis tests were applied for nonnormal or skewed data.
Associations between two or more qualitative variables were assessed using chi-square test. For small cell frequencies, chi-square test with continuity correction factor or Fisher exact test was used. Relationships between two quantitative variables were examined using Pearson's correlation coefficients. Pictorial presentations of the key results were made using appropriate statistical graphs. In statistical analysis, each bacteremic episode was considered as a separate and independent observation since we considered clinical and laboratory status at episodes as predictors of outcome. A two-sided P-value ,0.05 was considered to be statistically significant. All statistical analyses were done using statistical packages SPSS 19.0 (SPSS Inc., Chicago, IL, USA). 
Results

Patient's characteristics
clinical features
All cancer patients who underwent chemotherapy had CVLs (Hickmann or Port-A-Cath). The patient diagnosis and clinical features of the episodes are listed in Table 1 . Of the 111 bacteremic episodes, 43 (38.7%) episodes were neutropenic. ANC and absolute monocyte count (AMC) were ,500 (cells/µL), CRP .5mg/L, temperature .38.3°C, and patients with .7 days duration of neutropenia were more frequently detected in patients with bacteremia. Bacteremia was documented in 74.8% of episodes characterized with temperature $38.3°C and was significantly higher among ALL and AML compared with other types of cancer (P=0.035), while 28 (25.2%) episodes were afebrile during the BSI. The duration of fever . Notes: *In some patients cRP values were not evaluated and measured; † duration of fever and duration of neutropenia data were found to be missing for some patients. Abbreviations: all, acute lymphoblastic leukemia; aMl, acute myelocytic leukemia; aMc, absolute monocyte count; anc, absolute neutrophil count; cRP, c-reactive protein; sD, standard deviation.
(r=0.11; P=0.50) (data not shown). Brain tumor patients with bacteremia showed the highest CRP average values, with median CRP of 67.6 mg/L (range 7-351) followed by solid tumors (36.0 [range 5-114]), and these seem to be much higher than for other types of cancers, as demonstrated by box and whisker plot (Figure 1 ). There was significant and negative correlation observed between duration of neutropenia and ANC (r=-0.39; P=0.002). Similarly, ANC and temperature were found to be negatively correlated (r=-0.25; P=0.055) (data not shown).
In neutropenic patients, the percentage of bacteremic episodes among all leukemic patients was observed to be significantly higher (n=33 [47. 8%]) compared with lymphomas, and solid and brain tumors (n=10 [31.3%]) (P=0.012). Median duration of neutropenia was found to be higher among acute leukemias, lymphomas and brain tumors than among solid tumors; however, this difference was not statistically significant (P=0.761). Mean temperature was higher in the acute leukemia and brain tumor groups than in other types of cancers, but the difference was statistically insignificant (P=0.417). The median ANC values were observed to be less among acute leukemia cases than other types of malignancies (P=0.495) (data not shown).
The percentage of patients with bacteremic episodes was found to be significantly higher in ALL (50%) and AML (56%) in comparison with lymphoma (31%), solid tumors (25%), and brain tumors (40%) (P=0.038). Further statistical analysis showed that among ALL patients, the percentage of patients with bacteremic episodes was found to be significantly higher compared with patients with solid tumor (n=33 [50%] vs n=14 [25%]) (P=0.039). Similarly, bacteremic episodes among ALL were observed to be higher compared with both the lymphoma and brain tumor groups; however, the difference was not statistically significant (P.0.05). 
Microbial etiology and susceptibility pattern
Gram-positive bacteria were more common than Gram-negative throughout the study period. The ratio of 116 isolates. Staphylococcus hominis was found in only 9 (7.7%) and S. haemolyticus in 7 (6%) cases. Table 3 reports the results of in vitro antibiotic susceptibility tests of the 116 isolated strains of Gram-positive and Gram-negative bacteria. Since not all the antibiotics were tested in all strains, the number of isolates tested was different for each antibiotic. K. pneumoniae revealed high susceptibility (100%) to imipenem, meropenem, and amikacin, and was less susceptible to ciprofloxacin (82%) and cephalosporins. P. aeruginosa isolates were 100% susceptible to all antipseudomonal antibiotics. A. baumannii isolates were 100% susceptible to all tested antibiotics except ceftriaxone. E. coli revealed high susceptibility (100%) to imipenem, meropenem, piperacillin/tazobactam, and amikacin, and less susceptible for gentamicin (55%) and ciprofloxacin (78%). All the tested Gram-positive isolates were 100% susceptible to linezolid and streptogramins. S. epidermidis revealed high susceptibility to erythromycin (100%) and less to vancomycin (96%). S. haemolyticus and S. hominis were (100%) susceptible to vancomycin but less susceptible to erythromycin and gentamicin.
MDR Gram-positive organisms accounted for 21/64 (32.8%), and Gram-negative organisms accounted for 12/52 (23%), which represents a total of 33/116 (28.4%).
Mortality
The total number of deaths was 20 (10.8%), of which four (2.2%) died due to bacterial infection, 13 died due to progressive diseases, and three due to other causes (Figure 3) . Infection-related mortality occurred in a total of four (2.2%) deaths, due to bacterial infection among one each of ALL, lymphoma, solid tumor, and brain tumor patients. Deaths occurred within 30 days of a positive blood culture caused by infections with P. aeruginosa, Stenotrophomonas maltophilia, Enterococcus gallinarum, and E. coli, respectively. The last three of these isolates were MDR.
Total BSI infections in neutropenic patients were 43 episodes. K. pneumoniae and S. epidermidis were the most common pathogens (n=10 each). Two neutropenic patients died from MDR infections, one with E. coli and the other with S. maltophilia (Table 4) . 
Notes: *Total number of bacteria =46; double infections =3; episodes with neutropenia =43; **two patients died from MDR organisms, one from Escherichia coli, the other from Stenotrophomonas maltophilia infection. Abbreviation: MDR, multidrug resistant.
Discussion
Infections are the leading cause of morbidity and mortality in febrile patients with malignancy who become neutropenic due to chemotherapy. 27 Our study confirms that pediatric cancer patients are at an increased risk of postchemotherapy infection and its adverse events. The onset and duration of neutropenia, fever, CRP, and type of cancer may be predicted for each patient. 28, 29 Some risk profiles have been tested, but very few have proposed a well-designed and statistically supported score to predict BSI in children who are treated for malignant diseases. BSI in this population should be closely monitored to improve clinical outcome and prevent complications. 22 The risk of severe infection and eventual death varies according to different patient characteristics. 30 In this study the total number of cancer patients analyzed was 185, with 111 BSI episodes. The number of patients with bacteremia was 70 (38.7%), which is slightly higher than other reported values of 11%-30%. 28, [31] [32] [33] [34] Of the patients involved in the episodes, 49% were males. Although, other studies reported variability in sex predilection, our male patients percentage value fall within the reported range 45%-51%. 28, 29, 34 Most enrolled patients were in good general condition, a significant proportion 68 (61.3%) of all episodes with BSI did not have neutropenia at the time of diagnosis, and 28 (25.2%) were initially afebrile at the time of diagnosis with severe BSI. This is in agreement with results from other groups who found severe BSI-related infections in pediatric cancer patients in the absence of neutropenia. 35 In a recent study, BSI was reported in 6.3% of the pediatric patients with fever and nonneutropenia. 29 Although, statistically nonsignificant, a large proportion of episodes had been evaluated (n=82 [95.4%]). Results on significance of CRP as predictor for bacteremia have been variable. Asturias et al 28 reported no statistical relationship between CRP and bacteremia in children with cancer and febrile neutropenia. In adult cancer patients, CRP $10 mg/dL was a statistically significant predictor for bacteremia. Therefore, surveillance should consider all risk factors collectively as indicators of BSI.
The treatment outcome of bacteremia in pediatric oncology patients was successful in 107 episodes of positive blood cultures. It is not surprising that the attributable mortality in our study was very low (n=4 [2.2%]) -this was mainly due to close monitoring, rapid diagnosis, and prompt treatment in any suspected case of sepsis and due to advances in intensive care in this particular population.
In the current study, four patients died due to BSI, three mortality cases of febrile neutropenic patients who had BSI with Gram-negative organisms (two MDR cases), were characterized with temperature around 39.5°C. The fourth patient was afebrile and nonneutropenic and died due to an MDR strain of E. gallinarum BSI. MDR were previously found to be significantly associated with increased overall mortality 
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Bacteremia in pediatric cancer patients in pediatric oncology patients. 36 The reported mortality rate for patients with febrile neutropenia is ,5%. 37, 38 This low incidence is similar to the results from our current study and makes it necessary to evaluate the present protocol to build up valid conclusions.
There is substantial evidence on a global scale for a significant shift toward more Gram-positive isolates from BSI. 39, 40 Bacteremia was reported in 13% of febrile neutropenic patients, and the Gram-positive cocci were found to be the most common organisms. 9 A similar trend of Grampositive (n=64 [55.2%]) organisms were isolated in the present study -none of BSI was caused by methicillin-resistant S. aureus (MRSA), but two species of Enterococcus were isolated; Enterococcus faecium and E. gallinarum. The latter was an MDR strain, a well-known resistant organism to vancomycin, and harbors the VanC resistance phenotype seen in motile species of Enterococcus like E. gallinarum. 41 BSI in our studied population was caused in 44.8% of cases by Gram-negative bacteria. K. pneumoniae was the most commonly isolated pathogen (14/52 [21%]), and three isolates (3/14 [21%]) were extended-spectrum beta-lactamase (ESBL) strains, thus implicating these as hospital-acquired infections. It is well documented that 38% of K. pneumoniae is expressed an ESBL. 39 A review by Zaidi et al 40 demonstrated that in 11,471 bloodstream samples throughout the developing world, 60% of BSI was caused by Gram-negative bacteria, with K. pneumoniae accounting for 23%, Pseudomonas for 7%, and Acinetobacter for 3.5%. In the present study, the prevalence of P. aeruginosa was 10/52 (19%), with no MDR detected, and one ALL patient died due to a non-MDR P. aeruginosa BSI. MDR P. aeruginosa represents a challenging pathogen in critically ill pediatric patients -the 30-day mortality rates were 19.6% for all patients and were 35.8% for those with MDR BSI, and only the MDR showed a significant association with infection-related death. 42 In a similar study with adult hematologic malignancies, deaths occurred in 31.6% of the patients and was almost significantly higher (40.1%) for those with MDR BSI. 43 The pattern of resistance in Gram-positive bacteria is relatively high for clindamycin and gentamicin, whereas they were susceptible to linezolid and streptogramin. S. epidermidis was 96% susceptible to vancomycin. CoNSs are increasingly becoming important causes of health care-associated infections. Although these are perhaps the commonest isolates from clinical samples in any diagnostic bacteriology laboratory, it is in many cases difficult to assign clinical significance to them as they are also normal commensals found on the skin surface and elsewhere. The first clinically significant isolate of a CoNSs showing resistance to vancomycin was described by Schwalbe et al. 44 Among the various species of CoNS, S. haemolyticus is the most common species associated with vancomycin resistance 45 and was susceptible in this study. Other species that have been associated with vancomycin resistance include S. epidermidis, Staphylococcus warneri, and S. hominis. 46 The pathogens causing bacteremia in neutropenic patients were approximately equally divided between Gram-positive and Gram-negative organisms (Table 4 ), but this trend may vary with the geographical location of the study. 47 This study showed that 72% of the bacteremic episodes involved prolonged neutropenia .7 days. It is reported that patients with malignancy and prolonged neutropenia are considered to be at high risk for severe infectious complications. 48 Although mortality rate due to bacteremia continues to decrease, new epidemiological risk factors and microbiological patterns continue to challenge physicians and health care providers. Therefore studies that assess the risk of major complications, and epidemiological and microbiological patterns carry significant weight as every patient is different and deserves focused attention to determine the best course of treatment. Our study is the first published study from Qatar to report the bacterial etiology of pediatric hematology/oncology patients and to identify antimicrobial susceptibility of these organisms to guide empiric antimicrobial therapy and to improve the quality of pediatric malignancy care. The present study evaluated some risk factors, neutropenia, duration of neutropenia, fever, duration of fever, and CRP $5mg/L in 111 episodes of 70 patients with various types of cancer. The median value of CRP in brain tumor patients with BSI was higher than those values from other patients. A significant relationship between fever and positive BSI culture was documented (P=0.035). Designing a practical and reliable surveillance system will be beneficial to predict BSI at time of onset and guide the proper antimicrobial therapy. Amikacin and carbapenems are characterized by high in vitro activity against Gram-negative organisms, whereas, linezolid and streptogramin have shown high in vitro activity against Gram-positive organisms. Further prospective study is needed that will incorporate our current predicted pattern of bacterial resistance and patients' risk factors.
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